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BREATHING CONTROL IN HIGH ALTITUDE: MODIFICATION OF CHEMOREFLEX RESPONSES
TO THE EDITOR: Haouzi (3) presents an interesting perspective on the natural design of the respiratory control system (RCS) including two essential elements in breathing behaviors, precedence and autocracy. Although the mechanisms of breathing remain elucidated (3) , breathing control can be attributed to chemoreflex and nonchemoreflex drives (4, 5) .
Because of the lack of evidence, it is not convincing that RCS can choose a strategy to follow necessary steps to prevent the increase of PCO 2 level in the absence of other breathing stimuli. Haouzi stated that RCS maintains the activities for minutes after insults such as cardiac arrest, before apnea or gasps; however, the transition mechanisms from eupneic to gasps also have not been clearly understood. We agree that the regulation of ventilation does not merely depend on the interaction of specific chemoreceptors. Miyamoto et al. (4) observed no changes in minute ventilation despite altered central blood volume (CBV) and end-tidal PCO 2 . Their finding suggested that CBV shifts can modify respiratory operating point (ROP), as ROP is more noticeable in high altitude along with acclimatization (1, 2, 4, 5). For instance, Himalayan highlanders demonstrate reduced central chemoreflex sensitivity to CO 2 compared with lowlanders; however, the nonchemoreflex drives remain similar in both groups (5) .
Therefore, in our view, a more comprehensive understanding is paramount in explaining the complexity of RCS. As the example implies, chemoreflex feedback is crucial for respiratory regulation in altitude. Nevertheless, a further investigation based on these aspects above will add values to the study.
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COMMENT ON "PRECEDENCE AND AUTOCRACY IN BREATHING CONTROL"
TO THE EDITOR: This is an interesting attempt to "rock the boat" a little, as most of us tend to project the observed respiratory responses through prevailing standard rules of respiration physiology-rules amassed, in large part, by means of experimental studies in anesthetized animals. Naturally, anesthesia limits the scope of potential concomitant effects that may influence breathing. When we speak, sing, or eat, the act of breathing, its rhythmicity and depth, are temporarily subordinate to the mechanisms controlling these functions despite disturbance of the respiratory gas exchange. By the same token, severe, life-threatening impediments of circulation demonstrated in all three panels of Fig. 1 (see Ref. 1) can be regarded as the "survival" mode type of breathing. It is plausible to assume that the process of evolution imprinted in the living creatures, especially the highly complex ones, the automatic pattern of action aiming at sustaining the cardiorespiratory functions, thus life. Figure 1A prompts the question: would the respiration persist equally long into the period of cardiac arrest (CA) in sheep if the CA was preceded by the eupneic breathing at rest, instead of the exercise-induced hyperpnea? In other words: does the respiration in this experiment demonstrate the flywheel-like behavior? Similarly, would the periodic pattern of breathing of patients (Fig. 1 , B and C) remain unaltered if the ventricular fibrillation were initiated during periods of apnea instead of the evolving volleys of augmentation. The tendency to associate control of respiration with the classical CO 2 response curve awaits revision of its logic and relevance. 
Andrew Huszczuk
PRECEDENCE AND AUTOCRACY EVINCE OPTIMIZATION AND DECISION-MAKING IN BREATHING CONTROL
TO THE EDITOR: Haouzi is to be commended for acknowledging that breathing control may involve higher order strategies such as precedence and autocracy (1) . Yet as such, he has unwittingly subscribed to the optimization model of respiratory control (2), which he and many followers of the Sherringtonian school have strived to eschew. As with the latter case, a fundamental flaw in Haouzi's reasoning is the assumption that breathing control necessarily amounts to a combination of simple reflexes such that any physiological perturbationssuch as during a cardiac arrest-must affect respiration "within one breath" and "with no delay." Recognizing the irreconcilable fallacy of this model, Haouzi then rightly concludes that breathing control may be influenced by other strategies instead but fails to explain how so. Specifically, any precedence and autocracy-based "selection" between competing "redundant" and "contradictory" inputs is not arbitrary but is likely optimized toward some overriding objectives [e.g., fitness of survival (2)], a process which has been dubbed "homeostatic competition" (4). In a catastrophic event such as cardiac arrest, continuing to breathe gives the best-albeit slim hope of prolonging survival never mind the indulgence of homeostasis. Indeed, selecting between competing options is tantamount to decision making, a form of plasticity-based cognition/perception that has been suggested to underlie the optimization of breathing (3, 5 In his recent Viewpoint, Haouzi (4) referred to the complexity in understanding how respiration is maintained during the acute phase of cardiac arrest (CA) and how irregular breathing patterns like Cheyne-Stokes (CS) breathing remained unaltered in a patient with chronic heart failure (CHF) during a brief episode of CA. Haouzi mentioned that both peripheral and central control of breathing are completely vanished during CA due to the absence/reduction of blood flow and the lack of central pH oscillations. However, the carotid bodies (CB) contribute to the regulation of ventilation by monitoring changes of several stimuli in the arterial bloodstream (3), including fluctuations in blood flow (2, 3) . Indeed, blood flow restriction to the CB results in an enhanced CB-mediated chemoreflex drive (2) . Therefore, during CA the CB afferent discharge should increase, leading to an enhanced reflex respiratory drive. In CHF, the generation of irregular breathing patterns is strongly associated with the potentiation of the CB chemoreceptors (1). Importantly, the mechanism underlying the augmented CB discharge in CHF depends on the reduction of blood flow (2). Furthermore, discharge from the CB of CHF animals in vitro remains markedly above normal in the absence of blood flow (5) . Thus the maintenance of CS breathing during momentary CA in CHF could be related to increases in CB activity even after the blood flow restriction. In summary, it is plausible that during CA the augmented afferent activity that rises from the CBs continues to influence the respiratory control center to affect respiration. Haouzi (3) proposes that during exercise the most relevant signals to keep blood gas homeostasis take precedence over fast sources of breathing signals (like the corollary discharge of central command) in the regulation of breathing. However, gas homeostasis is not maintained during high-intensity exercise, where central command is very high. Furthermore, evidence that ventilation follows the slow change in metabolism and not central command, is mainly based on the assumption that sinusoidal changes in workload accurately reflect changes in central command (3) . However, central command increases not only with workload but also with time-on-task, an often forgotten variable (2) . Investigating whether central command and metabolic stimuli differently regulate respiratory frequency and tidal volume may help shed some light into the complex regulation of breathing during exercise.
